The majority of cetacean research pertaining to the western North Atlantic Ocean has focused on the waters between North Carolina in the United States and the Scotian Shelf in Canada; little is known about cetacean occurrence and distribution in the waters off southeast Florida (FL) where the subject study was conducted. Our study describes opportunistic, ship-based sightings of cetaceans during 1989-2006 in nearshore and offshore waters located in the Gulf Stream between the Bahamas and Palm Beach, FL. Nine species were observed during 60 sightings. For two of the documented species (false killer whale, Pseudorca crassidens, and Fraser's dolphins, Lagenodelphis hosei), very little existing information was available with respect to sightings and distribution in the study area. The other seven species were observed in waters south of their documented distributions, based on sightings data from dedicated surveys conducted along the US East Coast, but which only extended to central FL. We documented distinctive physical attributes of offshore ecotype bottlenose dolphins (Tursiops truncatus) and described foraging behavior of false killer whales. Our opportunistic observations highlight the importance of conducting regular surveys in this little-researched region. Data gathered during our study may have important implications for cetacean stock assessments and conservation strategies.
Introduction
The ecology of pelagic tropical cetacean communities is largely unknown for most areas around the world (Mullin and Fulling, 2004) . The distribution of marine mammals may be affected by environmental variables and their behavioral needs (e.g., foraging, mating, socializing), however, data pertaining to these factors for pelagic cetacean communities are hard to obtain due to the high mobility of the animals and the logistical difficulty of gathering data at sea (Schick et al., 2011) . Thus, in some areas, very little information is known about cetacean populations. One such area is the offshore waters of southeast Florida (FL), which has very little cetacean survey coverage compared to other cetacean habitats in the western North Atlantic Ocean (Hamazaki, 2002; Jefferson and Schiro, 2008; Schick et al., 2011; Waring et al., 2015) .
The majority of western North Atlantic cetacean surveys and research focus on the waters between North Carolina (NC) in the United States (US) and Nova Scotia in Canada (e.g., Hamazaki, 2002) . Stock assessments are updated regularly (annually for "strategic stocks" and every three years, or when new information is available, for nonstrategic stocks) by the National Marine Fisheries Service (NMFS) for most cetacean species inhabiting the US East Coast, with the most recent Stock Assessment Reports (SARs) updated in 2014 (Waring et al., 2015) . The SARs include data from many different studies covering various coastal and offshore areas, cetacean species, time frames (e.g., seasonal, annual) and methods (e.g., plane-vs. shipbased surveys), but dedicated surveys of the waters south of central FL are lacking. Even when considering data from the broad-based Ocean Biogeographic Information System -Spatial Ecological Analysis of Megavertebrate Populations (OBIS-SEAMAP) database (Halpin et al., 2009) , cetacean surveys conducted south of Cape Hatteras, NC are relatively scarce (Mullin and Fulling, 2003; Garrison et al., 2010; Schick et al., 2011) .
The waters off of southeast FL provide a different cetacean habitat compared to the waters north of Cape Hatteras, due to the influence of the Gulf Stream, which varies in width and proximity to shore along the US East Coast. The Gulf Stream is a strong, warm ocean current that originates in the Gulf of Mexico as the Florida Current, then flows along the southern tip of FL and northward until it is deflected northeasterly and further offshore at Cape Hatteras, NC (Groves and Hunt, 1980) . Oceanic features, such as fronts and eddies, are often associated with the Gulf Stream and such features can produce ecological effects (e.g., on food web stability and phytoplankton production) that can affect animal abundance and distribution (Owen, 1981) .
In the western North Atlantic, groupings of cetacean species have been classified by habitat use correlated with depth, temperature range and distance from the coast (Hamazaki, 2002; Schick et al., 2011) . Moore (1953) reported the occurrence of 21 marine mammal species in FL waters and suggested that the Gulf Stream may induce some tropical species to visit FL waters and that the southward counter-current flow may be influential in bringing marine mammals from the north into FL waters. For example, the occurrence and distributions of sperm whales (Waring et al., 1993) and sea turtles (Hoffman and Fritts, 1982) have been associated with features of the Gulf Stream. The distribution of pelagic odontocetes in waters off the US East Coast, are also likely associated with the Gulf Stream, its distance from shore and associated fronts and eddies, as noted in the high biodiversity of species from northern and southern regions and coastal and pelagic habitats recorded during stranding events off Cape Hatteras, NC (Byrd et al., 2013) . The location of the west wall of the Gulf Stream varies along the US East Coast, but is located closest to shore, <16 km (Gyory et al., 2013) , in our study area off the southeast coast of FL (Fig. 1) . Thus, cetacean abundance and distribution in southeast FL waters may differ from the more northern waters of the western North Atlantic due to the variations in the width of the Gulf Stream and its close proximity to shore. However, research on this topic is lacking in our study area.
Our study describes the cetaceans sighted opportunistically by staff from the Wild Dolphin Project (WDP) while crossing the Gulf Stream in southeastern FL waters en route to two study sites in the Bahamas. In addition, we describe in more detail, information from sightings of the bottlenose dolphin (Tursiops truncatus) and the false killer whale (Pseudorca crassidens). The bottlenose dolphin occurs as two ecotypes (Hersh and Duffield, 1990; Mead and Potter, 1995; Hoelzel et al., 1998; Torres et al., 2003) . We describe the physical difference in appearance of the offshore ecotype compared to the coastal ecotype in our study area because this difference may also occur in other areas of the western North Atlantic. We also describe our observations of the foraging behavior of the false killer whale, which is primarily oceanic and has been sighted in the northern Gulf of Mexico (Maze-Foley and Mullin, 2006) and in the western North Atlantic from Cape Hatteras, NC to Tierra del Fuego, Argentina (Stacey et al., 1994) . However, false killer whales have rarely been documented off the coast of FL (Waring et al, 2015) and sightings compiled in the OBIS-SEAMAP database, as of 2 May 2016, show only two sightings off northern FL (Garrison, 2013a; Halpin et al, 2009 ).
Materials and Methods
Since 1985, staff from WDP have studied a resident community of Atlantic spotted dolphins (Stenella frontalis) located on Little Bahama Bank (LBB) (Herzing, 1997; Elliser and Herzing, 2012; 2014 Trip durations lasted between 6 and 12 hours each way depending on weather and oceanic conditions. There were one to five observers (i.e., crew and volunteers) on watch for the duration of each trip. Observers watched for any cetacean activity by scanning ahead of the vessel across a 180º radius, with the naked eye, during daylight hours (0700-1900) from a height of 23 ft above the waterline. When observed, cetacean species were recorded by the crew and verified by scientific observers from WDP with expertise in cetacean identification. When a group or individual was observed, vessel speed was reduced to less than 7 knots, the boat's course was redirected from the planned route and the group was approached. The boat was slowly and carefully driven to within roughly 100 m of the group, being careful to avoid sudden turns, accelerations, decelerations, and approaching the group head-on or quickly from behind, following general NOAA viewing guidelines for the region (NOAA, 2012) . The cetaceans were identified to the lowest taxonomic level that researchers were confident in assessing. Group size was recorded and photographs were taken of as many individuals of each group as possible (using various Canon film and digital cameras over the years). For every sighting, the goal was to obtain two to three photographs of each individual, however, this was not always possible due to weather conditions and behavior of the animals. Sightings also entailed ad libitum (Altman, 1974) descriptions of behavior which were categorized as either social, travel, foraging or unknown. Once documented, the captain resumed the boat's prior route towards either Little Bahama Bank or FL. The exception to this protocol occurred during a single occasion when the boat remained idle with a group of false killer whales while their behavior was documented and photographs were taken. After about two hours, we ended the sighting due to reduced light levels and time constraints.
Results
For each crossing, routes were 110º ESE from the Palm Beach Inlet, covering a total estimated distance of 34 360 km and 2 084 hours of observation effort during the course of the study (Table 1) . Roughly the same amount of sampling effort occurred on the return trips to FL from the Bahamas. A total of 60 opportunistic sightings of nine different types of cetaceans occurred, including eight species and a beaked whale only identifiable as a member of the Ziphiidae family (Table 2) . Ranges for total group Visual identification of short-and long-finned pilot whales at sea is extremely difficult (Rone and Pace, 2012) , but based on known distributions of the two species, they were most likely short-finned pilot whales (Globicephala macrorhynchus) and are reported as such.
size (Table 2) should be viewed with caution because they may not be fully representative of the true group size variation for species with fewer than four sightings. Visual identification of short-and long-finned pilot whales at sea is extremely difficult (Rone and Pace, 2012) , but based on known distributions of the two species, they were most likely short-finned (Globicephala macrorhynchus) and were reported as such. Bottlenose dolphin sightings included both coastal and offshore ecotypes.
Bottlenose dolphins were the most commonly sighted cetacean, followed by pantropical spotted dolphins. Only bottlenose dolphins, pantropical spotted dolphins (Stenella attenuata) and Risso's dolphins (Grampus griseus, seen twice on one day) were seen more than once in a given year. All sightings occurred during May-September, except for one sperm whale (Physeter macrocephalus) and one pantropical spotted dolphin sighting which each occurred during January of 1991 and 2001, respectively. The two sightings of Fraser's dolphins (Lagenodelphis hosei) occurred in July during 1991 and 1993 and the five pilot whale sightings occurred in either May or September during 1990 September during -1992 September during , 1995 September during and 1999 . During all but one sighting, the documented behavior was travel; for one of the false killer whale sightings, the animals were foraging. Fig. 1 shows the distribution of the cetacean sightings (excluding one sperm whale sighting due to lack of latitude/longitude data). Only two species were sighted shoreward of the 200 m isobath (i.e., on the continental shelf), the bottlenose dolphin and the Atlantic spotted dolphin. All Atlantic spotted dolphin sightings occurred near the Palm Beach Inlet. Fraser's dolphins were only seen at depths between 200 m and 500 m. The bottlenose dolphin, Risso's dolphin, pilot whale and pantropical spotted dolphin were seen in many different locations across the Gulf Stream, in waters east of and deeper than the 200 m isobath. The larger odontocetes, including the sperm whale, false killer whale and beaked whale, were only sighted at depths greater than 500 m. Interestingly, false killer whales were only seen on the east side of the Gulf Stream, closer to Little Bahama Bank, north of Grand Bahama Island. Other than two sightings off northern FL (Garrison, 2013a) , the only other false killer whale sightings near our study area were in waters east of the Abacos, Bahamas (Dunn, 2013b) .
Bottlenose dolphins: coastal vs. offshore ecotypes
Definitive identification of bottlenose dolphin ecotype was not always possible. Four of the sightings were determined to be offshore ecotype bottlenose dolphins, sighted east of 79 o 46′00″at 26, 52, 56 and 75 km from the FL coast near the 500-600 m isobath. These bottlenose dolphins were distinctively larger in size and very robust as compared to the coastal ecotype, the latter which can easily be identified from a boat. Many, if not all, of the offshore ecotype bottlenose dolphins that we saw had a unique feature; a characteristic white saddle mark on the peduncle posterior to the dorsal fin. A coastal ecotype bottlenose dolphin (with no white saddle marking) is shown for comparison with the offshore ecotype (Fig. 2a,b) . A total of 28-38 (based on size ranges tallied for each sighting) offshore individuals were documented. Photographs of sufficient quality to document identification/coloration marks were compared with those of coastal ecotypes from the sightings during crossings, as well as the long-term catalogue of over 300 resident coastal ecotype dolphins at the main study site in the Bahamas (Rogers et al., 2004) . No obvious white saddle markings were evident in any of these coastal ecotype dolphins.
False killer whale foraging
At 1514 on May 24, 2006, 12 individually identifiable (through nicks, scars and shape of the dorsal fin) adult false killer whales were documented at 27 º 01′01″ N, 79 º 15′24″ W (Fig. 3a) . Most of the group remained at the surface, milling and surfacing slowly, while one or two animals dove. One of the diving animals returned to the surface with a large bloated fish (Fig. 3b) . We could not get close enough to identify the species of the fish, however, it appeared to be a demersal species from the snapper or grouper family (Fig. 3c) . The false killer whales at the surface then took turns biting chunks off the fish, and left only the gills. We observed three fish catch and consumption bouts within a two-hour observation period. We also observed social behavior occurring at the surface in-between feeding bouts, including two breaches and multiple spy-hops.
Discussion
All nine cetacean species documented in our study were also found in other western North Atlantic surveys (Kenney et al., 1997; Hamazaki, 2002; Schick et al., 2011) . The NMFS stock assessments, as of 2014, identified 30 cetacean species inhabiting the Western North Atlantic stock areas which include waters off the East Coast of the US (Waring et al., 2015) . However, almost all the surveys that included waters off FL did not extend south of Central FL, and thus did not encompass our study area. Similarly, based on limited sighting data from OBIS-SEAMAP, 14 species were observed south of Cape Hatteras, though most sampling off the eastern FL coast was concentrated in Central and North FL waters (Schick et al., 2011) . Based on the most current sighting data available in the OBIS-SEAMAP database, as of 2 May 2016, only three of the nine species we observed have been documented by other research groups in our study area: the short-finned pilot whale (Dunn 2006; Halpin, 2009) , sperm whale (Woolmer 2013; Halpin et al., 2009 ) and bottlenose dolphin (Garrison, 2013b; Garrison, 2015a, 2015b) . The other five species we observed (beaked whales were not considered for this comparison because we could not identify them to the species level) have only been seen to the north, east and/or south of our study area: Fraser's dolphin (Dunn, 2013b) , false killer whale (Garrison, 2013a; Dunn, 2013b) , pantropical spotted dolphin (Hyrenbach et al 2012; Dunn, 2013a; ), Risso's dolphins (Dunn, 2013b) , and Atlantic spotted dolphin (Garrison, 2013c; Dunn, 2013a Dunn, , 2013b Josephson and Garrison, 2015b.) .
It is important to note that each of the nine species we observed have stocks designated by NMFS in both the western North Atlantic and the northern Gulf of Mexico, and that the individuals we observed off southeast FL may be from either or both of these regions. Our results indicate that the ranges of the nine species we observed may extend south of north/central FL, or may indicate movement from the Gulf of Mexico, at least seasonally. In addition, for the false killer whale, Fraser's dolphin, pantropical spotted dolphin, Risso's dolphin, Atlantic spotted dolphin and beaked whale, our sightings are the first known sightings in southeast FL waters. Thus, the opportunistic sightings we report here are a significant addition to the cetacean literature and the results reinforce that there is a need for more dedicated research efforts in our study area.
Two of the species we observed, the false killer whale and Fraser's dolphin, were rarely seen in Western North Atlantic surveys conducted north of central FL based on the most updated SARs for each species Waring et al, 2007 Waring et al, , 2015 . In previous SARs, a false killer whale stock (or stocks) was only designated for the Gulf of Mexico, but this information was updated in the 2014 SAR with an initial abundance estimate for a separate Western North Atlantic stock (Waring et al, 2015) . The survey used for the abundance estimate was conducted during June-August, in 2011, but did not cover waters south of central FL. As of 2 May 2016, no live sightings of false killer whales have been reported in NMFS SARs (Waring et al., 2015) or in the OBIS-SEAMAP database (Halpin, 2009 ) within our study area, however, strandings have been documented during the winter (Caldwell et al., 1970) . We observed false killer whales on four different occasions (1992, 1997, 2004 and 2006) 1999 vessel survey off NC, which did not occur during the line-transect sampling effort), and thus population size and seasonal abundance are unknown for this stock, which is managed as a separate stock from that in the Gulf of Mexico (Waring et al., 2007) . Although observed in all seasons in the more extensively surveyed northern Gulf of Mexico, they likely occur there in low numbers, but survey effort is not sufficient to precisely estimate their abundance (Waring et al., 2013) . Data from OBIS-SEAMAP showed no sightings of Fraser's dolphins in our study area (Halpin, 2009) , however, we documented two sightings during July of 1991 and 1993. Fraser's dolphins have also been documented as prey for killer whales (Orcinus orca) in the northern islands of the Bahamas, which is east of the Gulf Stream waters surveyed during our study (Dunn and Claridge, 2014) . Thus, the sightings presented in our study represent the first reports of Fraser's dolphins in the western North Atlantic waters off southeast FL.
The sightings in our study primarily conform to the suggested distributions of deepwater versus coastal species (or ecotypes) in the Western North Atlantic where groupings of species tend to utilize particular habitats correlated with depth, temperature range and distance from the coast (Hamazaki, 2002; Schick et al., 2011) . For the few discrepancies (refer to the "Bottlenose dolphins (coastal versus offshore ecotypes)" section below), however, we cannot determine whether the variations observed were outliers or indications of true habitat preferences, due to the opportunistic nature of our study.
Bottlenose dolphins (coastal versus offshore ecotypes)
Much of what is known about offshore ecotype bottlenose dolphins has been determined from stranded animals (e.g., Hersh and Duffield, 1990; Mead and Potter, 1995) , which does not allow for description of their coloration patterns. The coastal and offshore ecotypes (treated as separate management units under the US Marine Mammal Protection Act of 1972) are described as genetically separable, partially sympatric, but visually indistinguishable (Waring et al., 2001; Torres et al., 2005) . In our study, we were able to document bottlenose dolphins with white saddle markings on the peduncles of the larger, more robust individuals. This could be a useful marker for identifying the ecotypes at sea and through photographs. However, due to the opportunistic nature of our study, it is unknown if this trait is common to all individuals of the offshore ecotype or if it is limited solely to the offshore ecotype. It is also possible that this feature is limited to animals in our study area, because the study that documented differences in western North Atlantic ecotypes (Torres et al., 2003) did not include waters south of Central FL. More research combining morphological, photographic, genetic and water depth data collected during quantitative surveys is needed to determine if this white saddle pigmentation is a reliable diagnostic marker for ecotype differentiation.
Individuals we identified as the offshore ecotype were found greater than 34 km from shore, except for one sighting that occurred 26 km from shore. Our results were similar to a study off Cape Hatteras, NC where Torres et al. (2003) determined that there was a differentiation regarding depth and distance from shore between the two ecotypes: dolphins found beyond 34 km from shore (and in waters deeper than 34 m) were all of the offshore ecotype, whereas dolphins found within 7.5 km of shore were of the coastal ecotype. Torres et al. (2003) also found an overlap in the distributions of the two ecotypes, between 7.5 and 34 km from shore (and in waters less than 34 m deep), where both ecotypes were found, and identified this area as the "gray zone". It is known that the range of offshore bottlenose dolphins can extend (although in lower numbers) into the continental slope waters (Kenney, 1990) . However, we cannot determine whether our sighting of offshore ecotype bottlenose dolphins at 26 km from shore (within the "gray zone") was due to an overlap in range with the coastal ecotype, because our sightings were not based on a quantitative survey. In addition, we used coloration patterns and Torres et al. (2003) used genetic analyses to distinguish between the two ecotypes. Furthermore, our method has not been verified quantitatively across region and ecotype. There is also the confounding fact of physiogeographic differences between the two study areas. In our study area, both deep water and the Gulf Stream occur closer to shore (the latter is often <16 km from shore during summer) than is the case further north (Gyory et al., 2013) . The distribution of both ecotypes may also be affected by the fact that our study area is bracketed by shallow water on both sides of the Gulf Stream (i.e., the FL shelf to the west and Little Bahama Bank to the east). Thus, further research regarding the distribution patterns and abundance of bottlenose dolphin ecotypes, as well as other cetacean species, are warranted in our study area.
Stock delineation of bottlenose dolphin populations along the US East Coast are complex and include estuarine stocks, five coastal stocks (Northern Migratory, Southern Migratory, South Carolina/Georgia Coastal, Northern Florida Coastal and Central Florida Coastal, (Waring et al., 2014) and one Western Atlantic Offshore stock (Waring et al., 2015) . There has been little study of coastal stock structure south of central Florida and the southern boundary of the Central Florida stock is uncertain (Waring et al., 2014) . The Offshore stock is based on surveys that do not extend south of central Florida (Waring et al., 2014) . Thus, information on stock structure in our study area is unknown, but it is clear that both ecotypes are present in southeast FL coastal and offshore waters, at least during the summer months (bottlenose dolphins were seen in every year from 1993 -2005 , except 2003 . In addition, there are multiple bottlenose dolphin stocks in the Northern Gulf of Mexico, including 31 bay, sound and estuarine stocks, the Gulf of Mexico Eastern Coastal stock, the Northern Gulf of Mexico Continental Shelf stock and the Northern Gulf of Mexico Oceanic stock (Waring et al., 2015) . It is unclear whether the bottlenose dolphins observed in our study area should be considered as separate stocks or whether they are part of migratory or coastal stocks from the US East Coast and/or the Gulf of Mexico. Because many bottlenose dolphin stocks are migratory, it is important to understand the species' stock structure for management purposes, since movements of individuals or groups can involve intermingling between stocks and may vary with season. For example, off Cape Hatteras, NC there were definite seasonal changes in abundance and distribution of bottlenose dolphins. Abundance was greatest near shore (<3 km) during winter, but remained high out to 14 km (Torres et al., 2005) . Combined with data from previous studies farther north, it is likely that the seasonal movement patterns along the US Atlantic coast are correlated, at least in part, with water temperature and prey availability (Torres et al., 2005) . Similar results were found in the Gulf of Mexico for "Gulf" vs. "inshore" bottlenose dolphins, where "inshore" abundance increased and "Gulf" abundance decreased during the winter (Waring et al., 2015) . Our opportunistic sightings reveal that more quantitative research is needed to determine the morphological and genetic characteristics of offshore bottlenose dolphins and for adequate stock management and conservation of both ecotypes in southeast FL waters.
False killer whale foraging
Most information about false killer whales, including prey, has been obtained from stranded animals in the Southern Hemisphere (Koen-Alonso et al., 1999; Andrade et al., 2001) . Oceanic squid (e.g., Oregoniateuthis sp., Todarodes sp., Phasmatopsis sp., Gonatopsis borealis or Berryteuthis magister) have been documented as prey for false killer whales around the world (Stacey et al., 1994) , and were the primary prey species found in Southern Hemisphere animals (Koen-Alonso et al., 1999; Andrade et al., 2001) . Fish prey species included the Patagonian grenadier (Macruronus magellanicus), kingclip (Genypterus blacodes), as well as sciaenid species including whitemouth croaker (Micropogonias furnieri) and black drum (Pogonias cromis) (Koen-Alonso et al., 1999) . The gut contents of some individuals included only fish contents from the families Sciaenidae and Serranidae based on otoliths (Pinedo and Rosas, 1989) .
The false killer whales we sighted were feeding on what looked like a grouper. We contacted fish biologists at NOAA's Beaufort Laboratory and from the pictures they identified it as possibly Epinephelus sp., but definitely a serranid species (Jennifer Potts, pers. comm.) . The group of false killer whales seemed to be sharing the prey and possibly feeding cooperatively. Cooperative feeding by false killer whales was suggested by KoenAlonso et al. (1999) due to the fact that the squid found in their stomachs usually form schools of restricted size range, indicating that the whales may have hunted cooperatively on the same schools. In Hawaiian waters, false killer whales prey mainly on large pelagic fish and are frequently observed sharing prey (Baird et al., 2008) . Due to these facts and the species' tendency to carry prey items for extended periods, surface observations of prey items may be less biased than for other cetacean species (Baird et al., 2008) . False killer whales can forage at depths up to 200 m (Koen-Alonso et al., 1999) . Sighting rates for even the "island-associated" Hawaiian false killer whales, who regularly utilize shallow water (<200 m), reveal a preference for water deeper than 3,000 m (Baird et al., 2008) . Although we do not have an exact depth for the foraging sighting in our study, it occurred at a depth greater than 200 m. False killer whale ecology, abundance and distribution are unknown in our study area, however, it is evident that they do utilize local food resources and serranid fish species appear to be a part of their diet.
In conclusion, little is known about the cetaceans inhabiting the offshore waters of southeast FL. Through opportunistic sightings, we have documented nine cetacean species that inhabit the area during at least part of the year. Some of these species have very little existing information available regarding sightings and distribution in southeast FL waters. We have documented new information about the morphological features of offshore ecotype bottlenose dolphins, which may be useful in distinguishing between the two ecotypes at sea, and described the foraging behavior of false killer whales. This area of the Western North Atlantic has different physiogeographic and ecological features than areas farther north and our sightings demonstrate that the Gulf Stream is an important habitat for many cetacean species. Our observations highlight the need to conduct regular quantitative surveys of the offshore waters of southeast FL to better understand the distribution, abundance, stock boundaries and ecology of cetacean species in the area and how they relate to other populations along the US East Coast and in the Gulf of Mexico.
